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Witu Five Figures In THE TEXT 


Investigations of Cronartium ribicola Fischer by the writers during the 
past few years have yielded a number of random notes on the conditions 
antecedent to the infeetion of white pines by this fungus in the North- 
eastern United States. As none of these observations fitted into any other 
article prepared for publication, they have been collected in the present one. 


FACTORS INFLUENCING THE PERIOD OF PRODUCTION OF THE TELIA 

In 1922 Spaulding (6) published the available data on the time of the 
formation of the first telia of Cronarltium ribicola in infeeted areas of the 
Northeastern United States and Europe. These dates may be, and usually 
are, quite different from those for the formation of telia in abundance in 
the same localities, as it commonly takes about two weeks or more for their 
abundant development to take place. For example, near Warrensburg, 
New York, in 1923, telia were not abundant until the latter part of July, 
and in 1924, not until the first of August. Yet, in both years the first telia 
were formed about July 4. While the weather conditions somewhat retard 
or accelerate the formation of the first telia, they seem to have a more potent 
influence upon the formation of the telia in abundance. The season of the 
production of the telia lasts from the formation of the first ones until the 
fall of the leaves of their Ribes hosts. This latter date varies with the 
species of Ribes and the weather conditions of the latter part of the season. 
Drought in August or later is quite sure to cause the fall of practically all 
of the leaves of such species as Rt. cynosbati (L.) Mill, R. glandulosum 


(rrauer, and R. rotundifolium Michx. The premature fall of infected leaves 
is hastened further by the action of the blister rust fungus. Also the Ribes 
species vary in the time of season when they normally drop their leaves; 
some ripen them and prepare for winter rest earlier than others. R. cynos- 
hati, R. glandulosum, and R. rotundifolium are not only especially affeeted 
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by drought and by blister rust attacks but they also, together with R. vy 
gare Lam., normally shed their leaves early. R. nigrum L. and R. odora 
tum Wend). are examples of species which retain their leaves for a maxi. 
mum time. Species of Ribes also differ much in their ability to continye 
producing new leaves throughout the season, and in their ability to produce 
a second crop of leaves after premature defoliation. R. glandulosum does 
not commonly form a second crop of leaves after defoliation, while R. 
nigrum usually continues to form new leaves throughout the season. The 
other northeastern species of Ribes are intermediate between these two in 
their leaf-produeing ability. 


FACTORS INFLUENCING THE GERMINATION OF TELIOSPORES 

Newly matured teliospores of Cronartium ribicola appear to germinate 
with equal vigor regardless of the species of Ribes upon which they are pro- 
duced. Practically every teliospore of newly and fully matured telial col- 
umns has been seen to germinate naturally when floating upon the surface 
of water. In the northeastern United States it is probable that compara- 
tively few teliospores fail to produce sporidia sometime before they lose 
their viability. The climate in those regions where this fungus is now 
spreading naturally is such that moisture in some form apparently reaches 
most of the telia in sufficient quantities to cause the teliospores to ger- 
minate before they lose viability. Moisture seems to be the prime requisite 
for the germination of the teliospores. Temperature per se does not seem 
so important in limiting their germination. Low temperatures are definitely 
known not to prevent germination, as teliospores have been found profusely 
germinating upon leaves lying upon melting snow (7). Moreover, they 
have been germinated by the writers at out-door temperatures from August 
1 to November § (7, 8). No test has been made of the effect of high tem- 
peratures upon germination of the teliospores, although Doran’s (4) tests 
with the aeciospores and urediniospores of this fungus would indicate that 
the higher summer temperatures may prevent germination even in the pres- 
ence of water. The «ffect of high summer temperatures may be due more to 
the accompanying dryness than to the heat alone. Definite tests are needed 
to determine the facts. 

The oldest teliospores in a telial column are located at its tip, while the 
youngest ones are at its base (3,11). The oldest teliospores germinate first. 
Immature columns are shorter than mature ones. When immature columns 
were placed under conditions favorable for germination in our cultures, 
only the teliospores at their tips germinated. This reaction has been well 
illustrated by Tulasne (11) for Cronartium asclepiadeum Willd., in one of 
the earliest figures ever published of germinating teliospores of a Cronar- 
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tium. The length and diameter of the mature telial columns of C. ribicola 
vary with the host species upon which they are borne (6, 10). Those borne 
upon leaves ot Ribes glandulosum are longer and more slender than those 
upon most of the other species of Ribes found in the Northeastern United 
States. 

Each cell of a telial column (each teliospore) germinates independently 
of the rest. Physiologically it is as much a separate entity as though it 
actually were separate morphologically, as, for instance, the aeciospores or 
urediniospores of this fungus. After a teliospore has completely germinated, 
nothing is left of the original spore except an empty shell. When the tip 
teliospores of a column have germinated, the empty cells fall apart readily 
and are commonly infested by numerous saprophytie fungi such as Alter- 
naria, ete. The exhausted cells appear to be much more readily penetrated 
by water than are the ungerminated ones. While some of the inner telio- 
spores of a column undoubtedly germinate when the outermost ones do (3) 
it is a question whether many of them do so until the outer ones have ger- 
minated and their empty shells have been sloughed off. Reed and Crabill 
(5) found that this happens with the teliospores of Gymnosporangium juni- 
peri-virginianae Schw., which are borne in elongate protuberances somewhat 
similar to the columns of Cronartium ribicola. When inner teliospores of 
C. ribicola do germinate with the outer ones, they are able to push their 
germ tubes between the overlying ones and form their promycelia on the 
outside of the column. This undoubtedly is much more easily done when 
the outer cells are empty and fall apart more readily. 

The time required for the germination of teliospores varies considerably 
with conditions. York? found that they germinated readily and copiously 
at 75° F. in six hours, if tested when fresh and if they are not formed in 
droughty weather. General experience has shown that they are injured by 
drought if it occurs at the time of, or immediately after, their formation. 
The writers found that, at temperatures of 55—70° F., fresh teliospores ger- 
minated and formed sporidia in maximum numbers in about 12 hours (8). 
If the telia-bearing Ribes leaves were kept air-dried and lying loose in papers 
as botanical specimens are usually kept, numerous tests showed that the 
time for germination and the production of sporidia increased directly with 
the increase in time of storage. Repeated weekly tests showed that this 
was also true for teliospores kept out-of-doors exposed to wind and rain (8). 

The number of telia, and consequently of teliospores and of sporidia, 
produced by a given unit of leaf area varies greatly with the different 
species of Ribes, as was shown by Taylor (10). In this respect R. nigrum 
far surpasses all other species of Ribes found in the Northeastern United 


1Communicated orally. 
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States. This, rather than greater viability of sporidia produced upon it, 
may explain why this species causes relatively heavy infection of pines. The 
number of sporidia produced at a given source directly controls their abun. 
dance at given distances from this source, as can be shown by well known 
mathematical formulae. The frequency of their occurrence at a given dis. 
tance from their source has a direct effect upon the number of pine infee. 
tions caused by them. This is shown by the fact that frequency of pine 
infections decreases with inerease in distance from the source of sporidia. 


FACTORS INFLUENCING THE LONGEVITY OF TELIOSPORES 

The length of time a given collection of telial columns continues to con- 
tain germinable teliospores can be tested in two ways: (1) by storing the 
columns in an air dry condition, or (2) by storing them out-of-doors under 
conditions which simulate the natural ones. Telial columns should be tested 
for germination at frequent intervals by **floating’’ on water or by placing 
in moist chambers (7, 8). The first method of storing gives a simple test 
of loss of viability while the second method involves both a test of loss of 
viability and a test of the rate at which the teliospores germinate under 
natural conditions. In the latter method the effects of the two factors can 
not be separated. In nature the telial columns would be subjected to con- 
ditions which approximate those of the second method of storage. In this 
paper ‘‘longevity’’ is expressed in terms of time during which there re- 
mained ungerminated and still viable teliospores. When stored out-of-doors 
in mosquito netting bags, the longevity of different collections of teliospores 
varied from about 3 weeks to about 3 months (7, 8). Under these condi- 
tions the longevity of teliospores on naturally fallen leaves collected from 
the ground was approximately the same as that of those on leaves collected 
at the same time from Ribes bushes. The casting of infected Ribes leaves 
did not shorten the longevity of the teliospores when they were stored under 
artificial conditions, and apparently did not decrease the number of sporidia 
produced by them. As a matter of fact, the teliospores on leaves lying on 
the surface of the soil would be in a more favorable position for the pro- 
duction of sporidia than those on leaves still attached to the bush, because 
moisture might reach the telia more readily on the soil. This is especially 
true in a time of drought, as the fallen leaves would be more easily mois- 
tened by dew. In the ease of a swamp-inhabiting Ribes, the fallen leaves 
would be moist at times when the leaves on the bushes were still dry. How- 
ever, the length of time that they would bear germinable teliospores would 
be shortened by the conditions favoring early germination and exhaustion 


of the teliospores. 
An important factor controlling the longevity of teliospores upon leaves 
killed by frost or fallen to the ground is the character of the leaf upon 
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which they are borne. This was observed distinctly with the material ex- 
posed by us to the weather in our tests of the longevity of teliospores (7, 
8). The leaves of R. nigrum remained firm and in good condition the long- 
est of any of the eight species which were tested. Those of R. odoratum and 
R. americanum Mill. were nearly as weather resistant as those of R. nigrum. 
Those of R. rotundifolium became very brittle and tended to break into 
pieces. Those of R. cynosbati were so soft in texture that they matted 
together when wet, and soon decayed, thus causing the teliospores to ger- 
minate early. Those of R. triste Pallas acted much like those of R. cynos- 
bati. Those of R. glandulosum tended to fall to pieces from weathering, 
and matted into a damp mass in which the teliospores soon beeame exhausted 
by germinating. This effect was retarded in our tests by shaking the leaves 
up after each rain (8). 

The habitat of the Ribes host also has a direct influence upon the lon- 
gevity of the teliospores upon its leaves. Some species, such as R. glandu- 
losum, typically grow in wet situations, where the fallen leaves soon mat 
down and usually remain damp, so that the teliospores are soon germinated. 
Others, such as R. cynosbati, flourish in dry locations, where the fallen 
leaves, in spite of their soft texture and rather fragile character, resist 
decay for a long time. This may help to explain why damage to white pines 
from the latter species is usually high, while that from R. glandulosum is 
apt to be low. The fact that the leaves of R. cynosbati usually remain dry 
longer than those of R. glandulosum favors their blowing around and thus 
disseminating the disease. 


DISCUSSION OF WEATHER CONDITIONS IN RELATION TO PINE INFECTIONS 


York and Snell (12) found that infection of one- and three-year-old 
seedlings of Pinus strobus L. may oeeur within 1214 hours after inoculation 
with sporidia of Cronartium ribicola. They also found that sporidia can 
begin to germinate one hour after maturing. Allowing 5 hours, the mini- 
mum time found by them to be necessary for the formation of mature 
sporidia, a period of 18 hours of suitable weather would be sufficient for 
some infection of pines to take place (12). Many times it would take some 
hours longer for abundant infection to occur, as the writers got abundant 
crops of sporidia only after 12-20 hours (9). Work with the sporidia (9) 
shows that when the atmosphere contains more than 70 per cent relative 
humidity, they will survive an exposure in an air dried condition for as 
long as 26 hours. From August 1 to October 10, 1923, there were at War- 
rensburg, New York, seven periods, which were 36 or more hours long, 
during which the relative humidity of the air remained above 70 per cent. 
It appears, then, that infection of pines might have taken place during any 
or all of these apparently favorable periods. 


it, | 
lhe 
un- 
wh 
dis. 
ee. 
ine 
‘on- 
the | 
der 
ted 
ing | 
test 
of 
der 
can 
‘on- 
this | 
re- 
| 
res 
di- 
ted 
ves 
der 
dia 
on 
use 
illy 
Ois- 
ves 
ow- 
uld 
ion 
ves 


578 PHYTOPATHOLOGY | Vou. 15 


Prolonged experience shows that the teliospores of Cronartium ribicolg 
need moisture for their germination. Rain, dew, or heavy fog seems to be 
needed to cause them to germinate freely under natural conditions and to 
produce an abundant crop of sporidia. In fact, they are frequently found 
germinating and producing sporidia in nature immediately after a rain, 
especially if the rain is followed by cloudy weather. The sporidia are un. 
doubtedly largely wind disseminated. It is known that the sporidia of 
many of the Uredinales are forcibly thrown off when they are mature (1), 
and it is assumed that those of this fungus also are thus set free. The slight- 
est air current will carry them away. There probably is not an instant 
when slight convection currents are not in motion and capable of carrying 
these extremely light bodies to an indefinite distance. Falling precipitation 
is known to carry down minute particles such as dust, bacteria, and fungous 
spores which float in the air, the amount of such material in the air being 
at a minimum just after a rain or snow storm (2). Therefore there can be 
no effective dissemination of the sporidia while rain is falling. If a rain 
continues so long that most of the teliospores germinate and form sporidia, 
the latter, which are normally set free upon reaching maturity, are carried 
down by the falling drops of rain or mist. It appears, then, that natural 
infection of pines must take place during cloudy weather following a rain, 
fog, or dew, which is of such a length that the teliospores germinate freely 
and form a maximum crop of sporidia. The rain must not continue much 
longer or most of the sporidia will be washed down from the air as soon as 
formed, and thus rendered innocuous to the pines. It is not likely that 
sporidia, once washed to the ground, are ever again picked up in a viable 
condition by the wind. Sunny weather dries the air to such a point that 
the sporidia ean not survive any length of time. The amount of air mois- 
ture is reduced quite promptly in full sunshine. The resulting dryness 
stops germination of teliospores and the rapidity with which sporidia are 
formed and set free. 

While the knowledge about all of the factors concerned in the infeetion 
of pines by sporidia of Cronartium ribicola is admitted to be very incomplete, 
it seems that enough is known to justify an attempt to express their relation 
graphically. Figures 1 to 5 are intended to indicate certain conditions, part 
of which presumably result in infection of pines, and part of which presum- 
ably result in no infections. They are merely suggestive and represent but 
a few out of many combinations of conditions which might have been used. 
They are based upon data obtained in actual field work. The periods of 
time indieated undoubtedly will change with accompanying conditions, and 
in some instances they will be shortened. The present known minimum 
periods of time are used. The spaces from left to right indicate hours. The 
various bars are so designated as to be readily interpreted. 


f 
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Figure 1 is intended to show conditions presumably favorable for rather 
heavy intection of pines. The upper bar represents the occurrence of rain, 
cloudy weather and sunshine during the indicated periods. Rain for 7 
hours, ending quite abruptly, is followed by a period of 23 hours of cloudy 
weather and night; after 30 hours sunshine appears and continues. The 
solid black part of this bar represents rain, the stippled part cloudy weather 
or night, and the unshaded part sunny weather. The bar next to the top 
indicates the period of production of the sporidia by the germinating telio- 
spores. This starts at the end of five hours, the known minimum (12) from 
which infection has been induced. In a single test by the writers (9), 
sporidia began to form in three hours, but this appears to be earlier than 
usual. The five hour period is based on numerous tests, and is therefore 
adopted here. The production of sporidia ends when the sun appears, after 
thirty hours. The middle bar shows the period of dissemination of the 
sporidia. The first part of it is dotted to indicate very limited dissemina- 
tion while rain is falling. Promptly upon the termination of the rain, dis- 
semination is in full swing, as it depends upon production which is shown 
to be heavy at this time. Dissemination ends with the stoppage of produe- 
tion, when the sunshine begins. The next to the last bar represents the 
germination of sporidia. This is known to start within one hour after they 
mature (9,12). It also stops with the beginning of the sunshine. The last 
bar indicates the period of infection of white pines. The known minimum 
period for this is 1114 hours after germinating sporidia are placed upon 
the leaves of the pines (12). It is assumed that about one hour is needed 
for germination to attain a maximum rate. Therefore this bar starts 1714 
hours after rain began (111% after the first germination of sporidia) and 
continues until the sun shines. As far as external conditions are concerned, 
it appears that this set of conditions ought to result in rather heavy infee- 
tion of neighboring white pines. But it must be stated that we know noth- 
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Figure 1. Bar diagram showing weather conditions presumably favorable for the 
heavy infection of Pinus strobus by the sporidia of Cronartium ribicola. The top bar 
represents the weather conditions. The solid black portion of it indicates rain; the 
stippled portion, cloudy weather or night; and the unshaded portion, sunshine. The 
second bar represents the period of production of sporidia. The third bar represents 
the period of dissemination of sporidia. The fourth bar represents the period of germi- 
nation of sporidia. The fifth bar represents the period of infection of pines. This 
diagram presupposes a large crop of recently matured telial columns. 
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ing of the conditions within the pine leaves which favor or inhibit infeetion, 
A study of the infections of white pines which have occurred naturally in 
the forests shows plainly that heavy pine infections oceur only once jn 
several years, the intervening years being periods of mere scattering infee. 
tions. It is quite evident that all periods of the type shown in figure 1 do 
not result in heavy infection of pines; otherwise there would be no coping 
with the disease before it destroyed our white pine stands. There is 
scarcely a year during which there is not one or more periods of weather 
similar to that sketehed above. There is some unknown factor which has a 
decisive influence in the infection of white pines. 

Figure 2 shows conditions which will presumably result in slight infee- 
tion of pines. Conditions are the same as those shown in figure 1 except 
that the sun begins to shine earlier (soon after infection has started). It 
is quite evident that the total amount of infection would be small. 
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Figure 2. Bar diagram showing weather conditions which would presumably result 
in slight infection of Pinus strobus by the sporidia of Cronartiwm ribicola. The top bar 
represents the weather conditions. The second bar represents the period of production 
of sporidia. The third bar represents the period of dissemination of sporidia. The 
fourth bar represents the period of germination of sporidia. The fifth bar represents 
the period of infection of pines. This diagram presupposes a large crop of recently 
matured telial columns. 


Figure 3 starts with the same conditions as figure 1 but the cloudy 
weather is cut short by the appearance of the sun at the end of fourteen 
hours, which is presumably before any infection could take place. The 
fifth bar is omitted to indicate this fact. 
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Figure 3. Bar diagram showing weather conditions which would presumably not 
result in the infection of Pinus strobus by the sporidia of Cronartium ribicola, The 
top bar represents the weather conditions. The second bar represents the period of 
production of sporidia. The third bar represents the period of dissemination of sporidia. 
The fourth bar represents the period of germination of sporidia. There is no fifth bar 


because no infection took place. This diagram presupposes a large crop of recently 
matured telial columns. 
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Figure 4 indicates a prolonged period of rain followed at once by sun- 
shine. Production of sporidia reaches a maximum rate, but dissemination 
of the sporidia is almost entirely prevented by the falling rain which carries 
them down to the ground almost as soon as they are set free. A dotted line 
in place of a third bar indicates that a trace of dissemination may have 
taken place. Germination of the sporidia proceeds as long as they are 
moist, regardless of their location. Hence this bar is shown in full. Since 
the dissemination of the sporidia is reduced to a trace, the amount of infee- 
tion which these few sporidia can cause is also reduced to a mere trace. The 
last bar consists of a dotted line to indicate this state of affairs. 
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Figure 4. Bar diagram showing weather conditions which would presumably re- 
sult in little or no infection of Pinus strobus by the sporidia of Cronartium ribicola. The 
top bar represents the weather conditions. The second bar represents the period of pro- 
duction of sporidia. The third bar is represented by a dotted line to indicate that the 
dissemination of sporidia is reduced to a mere trace. The fourth bar represents the 
germination of sporidia. The fifth bar is also represented by a dotted line to indicate 
that there was little or no infection. This diagram presupposes a large crop of recently 


V\VFECTION OF PINES 
| 


matured telial columns. 


Figure 5 indicates what happens when rain alternates with sunny 
weather, a thing which often occurs. Under these conditions sporidia may 
be formed and disseminated and begin to germinate, but the early appear- 
ance of the sun prevents their causing infection. 

It should be stated that all five of these diagrams presuppose that there 
has recently been produced a large crop of mature telia which are ready 
to germinate under suitable conditions. As stated above, the time neces- 
sary for the telia to germinate increases with their age. 
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FicurE 5. Bar diagram showing other weather conditions which presumably would 
not result in the infection of Pinus strobus by the sporidia of Cronartium ribicola. The 
top bar represents the weather conditions. The second bar represents the period of 
production of sporidia. The third bar represents the period of dissemination of sporidia. 
The fourth bar represents the period of germination of sporidia. There is no fifth bar 
because no infection took place. This diagram presupposes a large crop of recently 


matured telial columns. 
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It was intimated above that there are numerous questions in regard to 
the infection of pines by sporidia of Cronartium ribicola upon which we 
have little or no information. It may not be amiss to suggest some of these 
at this time. How long a time is required for all of the teliospores of a 
given generation to germinate? Are new telia formed during rain storms? 
Do immature telia mature during rain? How long a time is required for 
the formation of a mature telium? What period of time intervenes between 
the beginning and the erest of sporidial germination? Are sporidia which 
have already reached the needles of a pine washed off by rain? What is 
the minimum time for infection of pine needles after germinating sporidia 
are placed upon them? How long after the beginning of infection is the 
crest of infection? Why does not infection always occur when external 
conditions are apparently favorable to it?) The number of such questions 
could be considerably increased, but these are sufficient to show some of the 
difficulties of the problem. 


SUMMARY 

Some of the factors influencing the period of production of the telia of 
Cronatrium ribicola are: weather conditions, time of season when the Ribes 
drop their leaves, and the varying ability of the species of Ribes to produce 
a second crop of leaves after the first has been dropped. 

The germination of the teliospores is especially dependent upon moist- 
ure. Temperature per se does not seem to be so important; low tempera- 
tures merely inhibit or check the rate of germination. High temperatures 
have not been tested. Newly-matured teliospores germinate abundantly in 
about six hours at 75° F., while they require about twelve hours at 55—70° F. 
Increase in age increases the time needed for germination. 

Longevity in this paper means the length of time during which telio- 
spores remained ungerminated and still viable. Some of the factors influ- 
encing longevity of teliospores are: the habitat of the Ribes hosts, and the 
structure of the Ribes leaves. Both are closely associated with the access 
of moisture to the teliospores. 

The factors which are necessary for the infection of white pines by 
Cronartium ribicola are many, and some of them are not known. It is 
known that there must be a period of sufficient moisture to germinate the 
teliospores, and that this must be followed by a period of high humidity 
during which the infection ean take place. An attempt has been made to 
illustrate some of these conditions graphically. 

Questions which need investigation are suggested. 
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INOCULATION OF PINUS STROBUS TREES WITH SPORIDIA OP 
CRONARTIUM RIBICOLA 


WALTER H. SNELL AND ANNIE RATHBUN-GRAVATT! 


WitH Two FiGures IN THE TEXT 


INTRODUCTION 


From 1918 to 1922 the Office of Investigations in Forest Pathology ear- 
ried out at North Conway, New Hampshire, a rather comprehensive pro- 
gram of field investigations of white pine blister rust. Part of the work 

yas conducted by the present writers, under either the immediate direction 
or general supervision of Drs. Perley Spaulding and H. H. York. One 
phase of the work was the inoculation of Pinus strobus L. with sporidia of 
the white pine blister rust fungus, Cronartium ribicola Fischer. The pres- 
ent paper is a preliminary report of the suecessful inoculation of large trees 
in August and September, 1922. 

Very little work has been done upon the conditions necessary for the 
infection of pines by sporidia, largely because of the difficulty of success- 
fully inoculating them. The number of infections resulting from inocula- 
tions of white pines with Cronartium ribicola reported in literature is very 
small, and most of those reported have been on seedling pines. In 1912 
Spaulding (6, 7) reported positive results from stem inoculations of young 
pines in the greenhouse. Clinton (1, 2, 3) was apparently the first Ameri- 
can to secure infections through needles of a white pine as a result of artifi- 
cial inoculation. Most of his successful infections occurred upon seedling 
pines in a greenhouse. Inoculations out-of-doors on trees 6 to 20 years old 
failed (2). In 1903, in Europe, Klebahn (5) successfully inoculated two 
young white pines under a bell jar. Tubeuf (8) also secured infection of 
young white pines. He found that he could infect 2-year old plants of 
Pinus strobus more readily than older ones. 

1921 York and Snell (9) successfully inoculated 1918 and 1921 seedling 
pines out of doors in ‘‘iceless refrigerators’’ such as those described by 
Hunt (4). In less than three months after inoculation, some of the seed- 
lings gave positive evidence of infection. Ultimately about two-thirds of 
them showed evidence of rust. In 1922 this experiment was successfully 
repeated by the writers. 

Inoculations on large white pines at North Conway, however, had led 
to rather disappointing results. Some of the inoculations caused infection, 
but the percentage was too insignificant to give satisfactory data in the 


1 Glenn G. Hahn assisted in part of this work in the summer of 1922. 
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various studies. York’s original method of inoculating large white pines 
was to germinate telial columns by floating them on the surface of water 
for about six hours, and then to enclose the telial columns and sporidia in 
leaf bundles of the pines. In 1922, however, the use of methods similar 
to those used in inoculating seedling pines (9) gave results which are more 
satisfactory. 


METHODS AND CONDITIONS OF INOCULATION 


The inoculating material used was collected from two patches of Ribes 
nigrum L. bushes, one in North Conway and the other north of Crawford 
Notch at Twin Mountain, New Hampshire, from some R. odoratum Wendl. 
bushes near Glen Station, New Hampshire, and from some R. cynosbati 
(L.) Mill. bushes at Jackson, New Hampshire. The method of inoculation 
used in 1922 simulated natural conditions as far as posssible. The greatest 
care was taken in selecting the inoculating material. The patches of Ribes 
were watched constantly for new generations of telia and, at the proper 
times, the leaves were picked and placed in an icebox, where they were kept 
for at least twelve hours before use. Usually at noon, or in special experi- 
ments, earlier or later, the infected leaves were cut in halves or quarters, 
according to size, and the pieces were placed in Petri dish moist chambers, 
such as previously described (9), for a period of six hours, to induce germi- 
nation of the telia. At the end of this period, which was usually between 
6 P.M. and nightfall, the dishes were carried to the previously seleeted field 
locations. 

The places chosen for the inoculation of pines were in a region from 
which the Ribes had been eradicated in 1916. Thus the danger of natural 
infection of the experimental pines and that of the dissemination of the 
disease from the experimental plots to other pines were practically obvi- 
ated. Within one experimental plot one white pine with a stem canker was 
found. This infection apparently occurred before the date of Ribes eradi- 
cation. 

The pines selected for inoculation were of two types: (1) small trees 
five to fifteen years of age, which could be entirely covered by moist cham- 
bers; and (2) the lower branches up to a point ten feet from the ground, 
of trees fifteen to over thirty years of age, which could be bent down so 
that the ends could be fastened under moist chambers. In the former case 
every twig of the tree, and in the latter every twig on the distal two or 
three feet of the branches, was inoculated. 

Prior to inoculation, each branch was sprayed by means of a watering 
can (Fig. 1). Subsequently each twig was sprayed lightly with water 
by means of ar atomizer. The portions of Ribes leaves with the germinated 
telia were then applied to the clusters of needles which were pressed together 
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Fic. 1. The moist chambers used in inoculating large Pinus strobus trees with Cronar. 
tium ribicola, Note the size of trees used. Photograph by H. W. Snell. 


loosely and fastened about half way round the clusters by small ‘‘invisible”’ 
wire hairpins (Fig. 2). This latter expedient proved of great convenience, 
because it not only provided a means for holding the leaf inoculum properly 
and securely in place, but also allowed ease and great rapidity in perform- 
ing the work. 

After inoculation the branches were again lightly sprayed and fastened 
in moist chambers. The moist chambers used were modifications of the 
‘‘iceless refrigerator’’ described by Hunt (4). In all cases the moist cham- 
bers consisted of the same three parts—a reservoir, a support, and a cloth 
covering—which Hunt used. The reservoirs were dish pans or tubs of 
water. The covering consisted of two curtains—an inner one of thick, 
unbleached cotton cloth and an outer one of fine cheese cloth. York had 
found this combination most effective for keeping the curtains uniformly 
wet without wasting the water. Each curtain was tubular in form and was 
drawn together at the top with a puckering string. Various types of frames 
and forms similar to that deseribed by Hunt have been used for supporting 
the reservoirs (Fig. 1), but these were found cumbersome to move about 
the woods. For this reason few of these frames were used in 1922. For 
most of the moist chambers the supports consisted of three stakes, cut on 
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the spot in the woods, and driven into the ground until their tops were 
level. The reservoir was set upon the tops of these sticks, the curtains were 
hung in place, and sphagnum moss was placed upon the ground inside. 
Then the whole was wet and the inoculated branch enclosed within it. The 
use of stakes instead of frames made it much easier to use ‘‘iceless refriger- 
ators’? when making inoculations in the woods. 

The inoculated branches remained in the moist chambers at least twenty- 
four hours, and sometimes thirty-six. Most of the experiments were begun 
at nightfall in order to take advantage of the naturally high humidity pre- 
vailing at night, because this prevented the evaporation of much water 
from the moist chambers. This arrangement made it possible not only to 
secure natural high humidity during the first stages of penetration of the 
needles by the sporidial germ tubes but also to obtain a second period of 
high night humidity, with only one intervening day of entirely artificially 
maintained humidity. At the end of twenty-four or thirty-six hours the 


Fic. 2. Method of inoculating white pine twigs with Cronartium ribicola. The 
host from which the inoculum was secured was in this case Ribes vulgare. Note that 
the leaves were cut. The twig at right shows upper view; that at left shows lower 
one. 
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branches were removed from the moist chambers, and the inoculum was 
removed and buried. 

The moist-chamber method of inoculation described above was used in 
inoculating 144 branches on 51 different white pines, ranging in age from 
5 to more than 30 years. Most of them were over 15 years old. 

Fifty-three additional branches on 9 of the same large trees were inocu- 
lated during the same period in the morning on different rainy days which 
promised to maintain a high atmospheric humidity. The method of inoeu- 
lation was identical with that described above except that no moist chamber 
was used. 

In addition, several small Pinus resinosa Ait. trees were inoculated dur- 
ing the same period to see whether or not the characteristic spots which 
indicate infection with Cronartium ribicola would form on their needles (2), 


RESULTS OF THE INOCULATIONS 

In June, 1923, the inoculated trees were inspected, and comparatively 
little evidence of infection was found. Characteristic needle spots (2) were 
observed on some of the inoculated branches. On one small tree nearly 
every needle showed characteristic spots. No twigs had become cankered. 
In September of the same year the senior writer again inspected them and 
found one definitely positive infection on a twig and several other doubtful 
ones. Some needle spots were also evident. In September, 1924, however, 
he found quite a number of positive infections on twigs and numerous indi- 
cations that more positive ones might appear in 1925. The results of the 
inspection made in September 1924 are given in table 1. 

Of the 51 trees inoculated in moist chambers, 18, or 35 per cent, showed 
eankers in 1924. Of the 144 branches inoculated, 20, or nearly 14 per cent, 
had developed cankers. On a few trees, only one twig of one branch was 
infected. However, most of the branches had ecankers on from three to 
eleven twigs, and one branch had a canker on every twig inoculated. It 
is of interest to note here that the inoculations of trees over ten years old 
were twice as successful as those of trees between five and ten years of age. 

Of the 9 trees inoculated on rainy days without moist chambers, 6 be- 
‘ame infected in one or more branches. Of the 53 branches inoculated in 
this way, 11, or nearly 21 per cent, had become diseased. It is to be noted 
that a greater percentage of the inoculations not moist chambered than of 
those moist chambered were successful. The results of one season’s inocula- 
tions do not prove that this difference is significani. On one tree six 
branches were infected, and on most of the infected branches there was 
more than one cankered twig. 

No infections have yet been observed on needles or branches of Pinus 
restnosa inoculated with Cronartium ribicola. 
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TABLE 1.—Results of inoculating native large white pines with the sporidia of 
Cronartium ribicola at North Conway, N. H., in 1922 


Age of Number Number Percent Number Number Per cent 
jnoeulated of trees of trees of trees of branches of branches of branches 


trees ( Yrs.) inoculated infected infected inoculated infected infected 


INOCULATED IN MOIST CHAMBERS 


5-10 7 2 29 50 4 8 

10-over 30 44 16 36 94 16 17 

Total 51 18 35 144 20 14 
INOCULATED WITHOUT MOIST CHAMBERS 

20-30 Qa 6a 67 53. 11 21 

Total 51a 18a 35 197 31 16 


a The inoculations which were not moist chambered were on the same trees with 
those which were moist chambered. 


The data in regard to the source of the inoculum are not of great value 
because of the small number of tests with that from three of the sources. 
They are presented here for what they may be worth. In 16 tests with 
sporidia from Ribes nigrum collected at Twin Mountain, 18 per cent of the 
inoculations were successful. In 3 tests of those from R. nigrum collected 
at North Conway, 16 per cent were successful. In 3 tests with those from 
R. odoratum, 11 per cent were successful; and, in 2 tests with those from 
R. cynosbati, none of the inoculations were successful. 

Inoculations were made upon both 1922 and 1921 needles, but the data 
upon their relative susceptibility are not yet complete. The evidence at 
present available is that the inoculations were as successful upon the two- 
year-old needles as upon the one-year-old needles. 

The above results are presented because they represent the first really 
successful attempt to inoculate large white pines with the sporidia of Cro- 
nartium ribicola. It is realized that the percentage of successful inocula- 
tions is very small, but these results are much better than any attained 
before on older pines. They show that there is still a considerable gap 
in our knowledge either of the conditions of infection of Pinus strobus by 
Cronartium ribicola, of the periods of susceptibility of the pine needles, or 
of the viability of the teliospores or sporidia. 

Later inspection may show considerably more infection than that found 
in 1924, as the period of incubation for Cronartium ribicola in the pine is 
sometimes several years. 


SUMMARY 


Account is given of the method used in inoculating large Pinus strobus 
trees with Cronartium ribicola at North Conway, N. H., in 1922. 
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Eighteen of the 51 trees inoculated in moist chambers had become dis. 
eased, and 20 of the 144 branches inoculated had become cankered in 1924. 

Six of the nine trees inoculated under natural conditions, without sub. 
sequent moist chambering, had become diseased; and eleven of the 53 
branches thus inoculated had become cankered in 1924. 

The possibility of more infections appearing in 1925 or later is discussed, 

No infection had occurred upon small Pinus resinosa trees in 1924. 

OFFICE OF INVESTIGATIONS IN Forest PATHOLOGY, 

Bureau or Plant INpustrY, 
Wasnutnaton, D. C. 
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A PARTIAL EXPLANATION OF THE RELATIVE SUSCEPTIBILITY 
OF THE WHITE PINES TO THE WHITE PINE BLISTER 
RUST (CRONARTIUM RIBICOLA, FISCHER) 


PERLEY SPAULDING 


THE RELATIVE SUSCEPTIBILITY OF THE WHITE PINES TO THE BLISTER RUST 

The writer has had an opportunity to see the white pine blister rust, 
Cronartium ribicola Fisher, in all of the principal outbreak areas of North 
America and in numerous localities of western and northwestern Europe. 
These extensive observations have led naturally to the making of ecompari- 
sons of the behavior of this disease upon its different hosts and in different 
localities upon the same host. Pinus cembra L., the presumed original pine 
host of the blister rust, has two varieties which vary in susceptibility. The 
variety native in the Alps appears to be quite resistant; the variety native 
in Russia and Siberia appears to be quite susceptible. There is reason for 
believing that most of the P. cembra growing in western Europe is of the 
alpine variety; at any rate, it quite rarely becomes infected by blister rust. 
P. cembra is rather limited in distribution in Europe west of Russia, both 
naturally and as an ornamental. On the other hand, P. strobus L. is 
widely distributed over nearly all of this region, although it is thinly 
scattered as compared with a native species of similar, wide distribution, 
such as P. sylvestris L. General experience shows that Pinus strobus is 
much more commonly attacked by this disease in Europe than is any other 
species of pine. Indeed, it can be said that the distribution of the disease 
is practically identical with that of this tree. Because of their relatively 
small numbers and consequent limited distribution, P. flerilis James and P. 
monticola Douglas are not important hosts of the blister rust in Europe; the 
frequency with which the disease occurs upon the rather small numbers seen 
indicates clearly that they are both more susceptible than P. strobus. 

American experience in British Columbia, where Pinus monticola is 
generally infected in its native habitat, shows plainly that this species is 
more susceptible than P. strobus growing in the same locality and out of 
its native range. This fully corroborates European experience, where both 
species are out of their native habitats. Very little P. monticola is known 
in the native range of P. strobus, but the few that have been seen are at- 
tacked by the blister rust. Comparison of the disease attacks upon these 
two species, when each is growing in its native habitat, also shows that P. 
nonticola is more susceptible than is P. strobus. In this particular case, 
changed elimatie conditions, within which both grow reasonably well, do 
not seem to influence their relative susceptibility. 
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As above stated, Pinus flerilis is more susceptible than P. strobus in 
Europe. Experience here in America is limited to a small comparative test 
(4) made by the writer. This indicated clearly that P. flerilis is more sus- 
ceptible than is P. strobus. Under conditions foreign for both species, and 
under the conditions of the habitat of P. strobus, their relative susceptibility 
remains constant. 

In another paper (7) the writer has ventured to make an estimate of 
the relative susceptibility of the white and pinon pines to the white pine 
blister rust. The disease is epidemie in North Ameriea only within the 
ranges of Pinus strobus and P. monticola. Henee American experience is 
extensive with these two species, but with no others. The disease is gener- 
ally prevalent in the countries of western and northwestern Europe. It 
“an be said then that all of the pines which are cultivated to any extent 
there have been subjected to infection by the disease. With this under- 
standing of the situation one may comprehend the following grading of 


the pines. 


TABLE 1.—The estimated relative susceptibility of the white and pinon pines to the 
white pine blister rust. 


O. Immune, but too few tested for reliable estimate. 
Pinus armandi Franchet. 
bungeana Zucearini. 
cembroides Zucearini. 
—monophylla Torrey. 
parryana Engelmann. 
edulis Engelmann, 


X. Resistant, but too few individuals, except of the first three, tested for re- 
liable estimate, 

Pinus cembra var. helvetica 
excelsa Wallich. 
 peuce Grisebach.' 
—aristata Engelmann. 
‘¢ balfouriana Balfour. 
koraiensis Siebold and Zucearini. 
‘¢ parviflora Siebold and Zucearini. 


XX. Susceptible, but the last three species tested in limited numbers. 
Pinus cembra var. sibirica’ 
 strobus 
ayacahuite Ehrenberg. 
—lambertiana Douglas. 
strobiformis Engelmann. 


1 This estimate is based upon reports of resistance in Germany. 
2 This estimate is based in part upon reports of susceptibility in Russian literature. 
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XXX. Very susceptible, but first species tested only in limited numbers, 


Pinus albicaulis Engelmann. 
flexilis 
 monticola 
As stated above, there are but a few species of the white and pinon 

pines which have been exposed to the attacks of the blister rust in large 
enough numbers to enable one te rank them in suseeptibility with confidence. 
The species which have been tested in numbers are: P. monticola, P. flexilis, 
P. strobus, P. lambertiana, P. excelsa, P. peuce, P. cembra var. helvetica, 
and P. cembra var. sibirica. The ranking of the rest is purely tentative 
and liable to change as a result of future tests. 


THE RELATIVE PERSISTENCE OF THE LEAVES AND DISTRIBUTION OF STOMATA ON 
THE LEAVES OF THE WHITE AND PINON PINES 

The different species of white and pinon pines vary greatly in the 

length of time that they regularly retain their leaves. Data concerning 

this is taken from Sargent (5), Sudworth (8, 9), and Elwes and Henry (3). 


TABLE 2.—Persistence of the leaves of the white and pinon pines, and the distribution 
of the stomata upon the leaves. 


Species and No. of years the 
susceptibility leaves persist Stomata on the leaves 

Pinus lambertiana XX 2-3 On inner and outer sides 

‘6 peuce X 2-3 

 gtrobus XX 2-3 ag 

ayacahuite XX 3 outer sides 

bungeana O 3-4 and outer sides 

cembra X-XX 3-5  side only 

edulis O 3-5 and outer sides 

‘¢  strobiformis XX 4 

monophylla O 4-5 20 lines of stomata 

albicaulis XXX 4—S On inner and outer sides 

ce flexilis 5-6 ee ae “eé 

‘¢ balfouriana X 10-12 only 

armandi O (?) ae me 


It should be stated that, with most of the species having stomata on the 
outer surface of the leaves, the tendency is for the stomata on that surface 
to be rather few and to be located near the tip of the leaf. 
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CORRELATION OF SUSCEPTIBILITY WITH LEAF PERSISTENCE AND DISTRIBUTION OF 
THE STOMATA ON THE LEAVES OF THE WHITE AND PINON PINES 

The writer’s ranking of the pines in relative susceptibility was done in 
1923, while preparing his notes upon the white pine blister rust in Europe 
for publication, and before any attention was given to the leaf persistence 
of the different species. For this reason it is believed that an unbiased 
opinion has been obtained, since the leaf persistence is based entirely upon 
published data of other investigators. In attempting to correlate suscepti- 
bility with leaf persistence, one is forced to eliminate some species because 
of too limited knowledge of their susceptibility, or include all with the dis- 
tinct understanding that their grading is merely tentative and liable to 
change. The latter course seems better. The reliability of the estimates is 
indicated in table 1, so that there need be no misunderstanding concerning 
it. The available data may be presented in tabular form to the best ad- 
vantage. 


TABLE 3.—The relative susceptibility, leaf persistence and distribution of the stomata 
upon the surfaces of the leaves of the white and pinon pines 


Pinus species Susceptibility ea ag of Distribution of the 
eaves In years stomata on the leaves 
albicaulis .. Very susceptible 4-8 On inner and outer sides 
ayacahuite . Susceptible 3 
cembra var. me 3-5 side only 
lambertiana . 2-3 and outer sides 
strobus .. 2-3 «sides only 
aristata . Resistant 12-14 
cembra var. helvetica. ........ 3-5 
POT 3 «sides only 
peuce oe oe oe oe 
bungeana .. 3-4 and outer sides 
monophylla . ae 4-5 20 lines of stomata 
parryana .. On inner and outer sides 


It has been shown that most of the infection of white pines by the white 
pine blister rust starts in the leaves, and that entry to the leaf is through 
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the stomata (1). It has also been determined that the fungus requires sev- 
eral months to reach the bark of the twig after infection is established 
within the leaf. Tests (1, 6, 10) show that with Pinus strobus the second 
vear leaves may take infection about as readily as the first year ones. One 
may say that a considerable percentage of all of the infections take through 
the older leaves on both P. strobus and P. monticola. With P. strobus, there 
is a chance that the older infected leaves may drop before the fungus 
reaches the bark of the twig. This is believed to happen in many instances. 
Since P. monticola retains its leaves a year longer than P. strobus does, a 
much larger number of the infections upon the older leaves will succeed in 
reaching the twig. Considering only the leaf casting, it is quite certain that 
those species of pines which retain their leaves for longer periods will prove 
to be more susceptible. Turning to table 3, what are the facts? In the first 
group of three ‘‘very susceptible’ species, the average leaf persistence is 
decidedly longer than is that of the second group of five ‘‘susceptible’’ 
species, the ratio being about 5 to 3 years. This difference in years of per- 
sistence is believed to be significant. It can not be said that the two last 
groups show any relation between susceptibility and leaf persistence. Evi- 
dently some other factor is exerting a greater influence. 

The writer would eall attention especially to the characters ot P. strobus 
and P. monticola, because of the great similarity of the two species. They 
are very similar in the relative size and shape of the crown, in the size, num- 
ber, and distribution of the branches and twigs, and in the whorled arrange- 
ment of the branches upon the trunk. The latter, however, gives an impres- 
sion of greater density and amount of foliage. This seems to be due to the 
twigs being clothed with at least one year’s more leaves. Both of these 
species have been subjected to infection in their native habitats, so that 
their relative susceptibility is well established. 

An examination of the possible influence of the stomata upon suscep- 
tibility results in the finding of the following facts. There is no data upon 
the number of stomata upon the leaves of the different species of pines; 
except statements that some of the species have a given number of rows of 
stomata on the inner surfaces of the leaves. The number in a row may, 
and probably does, vary much. There are certain species which have sto- 
mata only upon the inner surfaces of the leaves, while there are some which 
also have them upon the outer surface. The stomata upon the outer surface 
of the leaves are usually located toward the tip of the leaf. Since there is 
no definite indication of the actual number of stomata for the different 
species, it seems reasonable to assume that those species which have stomata 
upon the outer surface of the leaves also have larger numbers of stomata. 
It is apparent that a leaf which has stomata upon all surfaces is more apt to 
receive sporidia in close enough proximity to one so that infection will suc- 
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ceed, than is a leaf which has one-third of its surface without such openings 
for infection. This difference appears to be one which may be significant 
and is the basis of the present correlation. Turning to table 3, we find 
that all of the ‘‘very susceptible’’ species have stomata upon all of the leaf 
surfaces. The ‘‘susceptible’’ group of five species has three species with 
stomata upon all surfaces of the leaves, and two with them upon the inner 
surfaces only. The ‘‘resistant’’ group has two out of seven species with 
stomata upon all surfaces of the leaves. The *‘immune’’ group includes the 
pinon pines, which are not known to become infected by this fungus. If 
these be excluded, there are left two species, one of which has stomata upon 
all surfaces of the leaves, while the other has them upon the inner surfaces 
only. In the first three groups of table 3 there appears to be a correlation 
between the distribution of the stomata on the leaves and susceptibility of 
the species. This is more apparent when one remembers that the rated sus. 
ceptibility of more than half of the species in the ‘‘resistant’’ and ‘‘suscep- 
tible’’ groups is liable to be raised by future tests. 


THICKNESS OF INNER BARK A POSSIBLE FACTOR IN SEVERITY OF ATTACKS OF 
THE BLISTER RUST 

Pinus strobus, in exceptionally severe attacks of the blister rust, may 
have many twigs killed by the fungus. Trees killed by it die from the gir- 
dling of the stem, however, not because all of the twigs are killed. Pinus 
monticola often dies from the effeet of having all of the twigs killed. There 
appears to be a real difference in intensity of attack in the small twigs. On 
branches and stems there is a similar difference; on P. strobus the pyenia 
are usually separate and distinct from one another; on P. monticola they 
coalesce into continuous blotches or sheets. The amount of liquid exuded is 
decidedly greater with the latter also. There is thus good evidence that the 
fungus vegetates in the bark of P. monticola as it never does in the bark of 
P. strobus. There is a decided difference in the thickness of the smooth 
bark of the two species, that of P. monticola being thicker. The fungus 
vegetates largely in the inner bark tissues (2). Bark which has large 
amounts of such tissues would appear to favor such a fungus. The blister 
rust fungus certainly flourishes in trees which are especially vigorous in 
growth (1). The writer believes that the greater abundance of phloem in 
the bark of P. monticola directly favors the growth of the fungus. 

OFFICE OF INVESTIGATIONS IN Forest PATHOLOGY, 

Bureau oF PLANT INDUSTRY, 
WASHINGTON, D. C. 
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THE LOOSE SMUT OF RYE (USTILAGO TRITICIT) 


HARRY B. HUMPHREY and VICTOR F. TAPKE 


WITH THREE FIGURES IN THE TEXT 


INTRODUCTION 

Rye in North America is subject to several disease-producing fungi, 
three of which are smuts. Of these, stem smut, Urocystis occulta (Wallr.) 
Rab., is of most frequent occurrence and greatest economic importance in 
the United States. The other smuts are loose smut, Ustilago tritici ( Pers.) 
Jens., and bunt, Tilletia tritici (Bjerk.) Wint., the latter of which, accord. 
ing to Gaines and Stevenson (4), was observed by them at Pullman, Wash., 
on rye and on some wheat-rye hybrids. Tilletia secalis Kuehn may be synon- 

ymous with 7’. tritici though we are without the necessary cultural evidence 
to prove their identity. It is the opinion of Gaines and Stevenson (4) that 
they are one and the same species. 

Although Kaspar Bauhin (1), in listing what he conceived to be species 
of Ustilago, included U’. secalena, he does not deseribe it. We therefore are 
without any information as to which smut or other fungus he refers. In 
1849, Rabenhorst (6) described as Uredo secales an odorless smut which, 
according to his description, is not an Ustilago. The Ustilago secalis Rabh. 
deseribed by Fischer von Waldheim (2) apparently is synonymous with 
Rabenhorst’s Uredo secales. It therefore seems quite probable that the 
occurrence of loose smut in rye was first recorded in 1914 (5) following». 
its discovery in a field of spring rye on the Dickinson (N. Dak.) Substation 
in July, 1913. Vavilov (7) records his observations of this smut on rye in 
Persia, in 1916, and refers it to Ustilago tritici (Pers.) Jens. The records 
of the Office of Pathological Collections and Plant Disease Survey show a 
wide distribution of loose smut on rye in the United States. Since its dis- 
covery in North Dakota, it has been reported from the following states: 
Illinois, Indiana, Kentucky, Minnesota, Missouri, New York, Oklahoma, Vir- 
ginia, West Virginia, and Tennessee. The frequency of its occurrence, how- 
ever, has not been such as to give the disease more than a scientific interest. 
Howver, there always is the possibility of its becoming of economic impor- 
tanee through the introduction of more highly susceptible varieties of rye 
or through the development of virulent physiologic forms of the organism. 


THE DISEASE 


Symptoms.—Previous to heading there generally is no evidence by which 
a rye plant infected by loose smut may be recognized. Occasionally, how- 
ever, streaks of smut may develop in the upper leaf before the head emerges, 
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especially when the plants are grown in the greenhouse. Except as noted 
above, no parts of the plant other than the spikelets are affected. When 
the diseased head has emerged from the boot, the spikelets are seen to be 
almost completely destroyed and replaced by an odorless, powdery dark- 
brown mass of smut spores. In cases of partial smutting of the head, as 
noted below, some of the spikelets at the juncture of healthy and diseased 
tissues may be only partly destroyed. The effects of Ustilago tritici on 
heads of rye, therefore, are similar to those on heads of wheat, except that 
in rye partial smutting of the head seems to be the rule (Fig. 2), whereas 
in wheat (Fig. 3) it is the exception. In rye, as in wheat, partial smutting 
of the head always proceeds from the base upward, and in such cases all 
stages from complete to partial destruction of the floral parts will be found 
progressively from the base to the tip of the head (Fig. 2). Although the 
lower spikelets on a head of rye may be partially or wholly destroyed, the 
behavior of the flowers in the upper spikelets and the production and matu- 
ration of their seed proceed apparently in the normal manner. 


INVESTIGATIONS 

Methods.—A careful study of the behavior of the rye-smut fungus in 
artificial culture and a comparison of its morphologic characters with those 
of authentic Ustilago tritici led the writers to suspect the identity of the 
two smuts (Fig. 1). The spore characters of the two smuts were optically 
identical. An extensive series of spore measurements of the rye smut were 
made and compared with those of spores obtained from a smutted head of 
wheat. In both cases, when observed under high magnification, the spores 
were a pale olive-green color, somewhat lighter on one side, slightly oval, 
measuring from 5 to 94 in the greater diameter, and minutely but sparsely 
echinulate. Germination of the rye-smut spore, as in the ease of the wheat- 
smut, proceeds with the development of a germ tube, often curved, which 
in water or nutrient solutions may become 5-7 septate and produce several 
branches. In no instanee was there observed the development of any 
sporidia in cultures of either smut. 

But, in order to establish beyond doubt the fact of their identity, some 
cross-inoculation experiments in the greenhouse and field were made in 1922 
and repeated in 1923. These experiments involved the transfer of loose- 
smut spores from smutted heads of wheat to the ovaries of normal rye 
plants. Reciprocal cross inoculations also were made. Following is the 
method of inoculation employed. Heads were selected on plants of Fultz 
(C. I. 1923), Leap (C. I. 4823), and Stoner (C. I. 2980) wheat grown 
singly in pots in the greenhouse. Only those heads were chosen which con- 
tained a relatively large number of flowers in the stages of bloom indicated 
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below. The flowers were gently opened with forceps, the tips of which had 
been dipped in a mass of smut spores from one or more heads of Rosen rye 
(C. I. 195), collected in the field on the day the inoculations were made, ]} 
the pollen of the flower was (1) about to be shed, as indicated by its color at 
maturity in the particular variety at hand, or (2) if the pollen was being 
shed, or (3) but recently shed, as indicated by a freshly plumose stigma 
and an ovary not noticeably enlarged, a small amount of inoculum was ap. 
plied by lightly touching the stigma with the spore-laden tips of the for. 
ceps. All flowers not in the condition indicated in the foregoing were 
removed. The period of floral development within which the inoculations 
were made, therefore, fell within the limits determined by Freeman and 
Johnson (3) during which infection may take place in wheat flowers inocu. 
lated with spores of Ustilago triticz. 

The inoculations were made at a time when no heads of wheat affected 
with loose smut were present in the near-by fields or greenhouses. However, 
in order to determine positively whether or not loose-smut infection might, 
by chance, have taken place naturally from spores blown into the green- 
house from without, several uninoculated heads were left to serve as controls 
on each of the plants which supplied heads for inoculation. After inocula- 
tion the plants were removed at once to an adjacent room, kept separately 
enclosed therein for one week, and then returned to the greenhouse. To 
serve as a control, a number of plants of Fultz (C. I. 1923) and Stoner (C. 
I. 2980) were inoculated in the greenhouse later on the same day, with loose- 
smut spores from freshly collected heads of Goens wheat, and the variety 
Leap (C. I. 4823) was similarly inoculated four days later. The technique 
here employed was precisely the same as that used in the above inoculations 
with loose-smut spores from rye. Following the inoculations of these plants, 
they too were removed to an adjacent room, kept separately enclosed therein 
for one week, and then returned to the greenhouse. 

Methods were used in the inoculation of rye in 1922 similar to those 
deseribed for wheat. Heads containing a relatively large number of flowers 
in the same stage of bloom as was described above were selected on plants 
grown in a plat at Arlington Experiment Farm, Rosslyn, Virginia. In one 
section of the plat, heads were inoculated with loose-smut spores from Rosen 
rye (C. I. 195) and, in another section of the plat, with loose-smut spores 
from Goens wheat. The diseased heads of wheat and rye used for sources 
of inoculum were collected in the field the same day the inoculations were 
made. When the inoculated rve heads were collected at maturity, a num- 
ber of neighboring uninoculated heads also were collected in order to deter- 
mine whether or not any loose-smut infection might have taken place nat- 
urally by means of spores blown from distant fields of wheat or rye. 


‘ 
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Results——Table 1 shows the following results: (1) High and similar per- 
centages of infected plants and heads were obtained in wheat inoculated 
with loose-smut spores from wheat and from rye. (2) In rye, the per- 
centages of infection also were about the same regardless of the source of 
inoculum. In all cases, the percentages of smutted heads of rye were less 
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Fic. 3. A greenhouse culture of wheat grown from seed infected with U. tritici from 
rye. 


than 1 per cent when the plants were grown in the field. When grown 
under greenhouse conditions, however, the infection was more abundant. 

The inoculation of rye with loose-smut spores from wheat was repeated 
in 1923 with some difference in method. Three or four heads, each on a 
near-by plant and each in approximately the same stage of development, 
were enclosed in a paper bag before anthesis of the flowers. The bagged 
plants were in plats of Rosen (C. I. 195) and Rimpau rye (C. I. 126). Dur- 
ing the period of anthesis, a head was removed from each bag, inoculated, 
and immediately replaced. The inoculum consisted of loose-smut spores 
from Goens wheat, collected in the field on the day of inoculation. 
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The inoculated and uninoculated heads of wheat and rye were collected 
at maturity and thrashed by hand. In the greenhouse, the seed was sown at 
intervals of 2 inches in rows 6 inches apart on October 28, 1922, and No- 
vember 13, 1923. In the field, the seed was sown at intervals of 7 inches in 
rows 1 foot apart on October 23, 1922. The results are presented in table 1. 


VARIETAL SUSCEPTIBILITY 


Reports on the occurrence of loose smut in rye have afforded no infor- 
mation as to the variety on which the disease was found. 

In 1922, 1923, and 1924, the writers inspected all of the fortieth-acre 
agronomic plats of rye of the Office of Cereal Investigations at Arlington 
Experiment Farm. Each year a few heads of loose smut were found but 
only in the varieties Rosen (C. I. 195) and Rimpau (C. I. 126). Varieties 
in which no loose smut was found are the following: Abruzzes (C. I. 40), 
Abruzzes (C. I. 40-1), Giant Winter (C. 1. 30), Henry (C. I. 138), Ivanoff 
(C. 1. 34), Mexiean (C. I. 108), St. Johns (C. I. 130), Virginia (C. I. 
128-1), von Ruemker (C. I. 133), von Ruemker (C. I. 173), and Winter 
(C. I. 208). 


SUM MARY 

The occurrence of loose smut in rye was discovered in North Dakota in 
1913 and recorded in 1914. Since then loose smut has been observed in 
Illinois, Indiana, Kentucky, Minnesota, Missouri, New York, Oklahoma, 
Tennessee, Virginia, and West Virginia. 

Comparative cultural and microscopic studies of this smut and the loose 
smut of wheat failed to show any difference between them. 

The reaction of the rye plant to invasion by Ustilago tritici is similar to 
that of wheat except that, in rye, total destruction of a part (often the 
lower third or half) of the head is the rule, while in wheat complete destruc- 
tion of all florets is the rule. 

Cross-inoculation experiments in which heads of both wheat and rye 
were inoculated with spores of loose smut from rye and from wheat, respec- 
tively, aided in establishing the identity of the two smuts. 

Varietal-resistance observations indicate that of 13 varieties and selee- 
tions only two, Rosen (C. I. 195) and Rimpau (C. I. 126), are susceptible. 

OFFICE OF CEREAL INVESTIGATIONS, 

BureEAU OF PLANT INDUSTRY, 
U.S. DEPARTMENT OF AGRICULTURE 
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A STORAGE ROT OF PEACHES CAUSED BY A NEW SPECIES OF 
CHOANEPHORA!? 


E. D. Eppy 


WITH ONE FIGURE IN THE TEXT 


The recent investigations on the causal organisms of decays of fruits or 
vegetables during transit, storage, or at the markets, have brought the 
Mucorales to the attention of phytopathologists. Forms which were sup- 
posed to be mere saprophytes and worthy of little consideration by investi- 
gators of plant diseases are rapidly being added to the list of fungi capable 
of producing rots. With the exception of Rhizophus nigricans and Choa- 
nephora cucurbitarum (B. & Br.) Thaxter, species which have long been 
recognized as of importance as facultative parasites, the Mucors have been 
disregarded by the majority of writers on this subject. 

Rhizopus nigricans is the most frequently found and most widely dis- 
tributed species of this group. Its importance as the cause of plant diseases 
is partly due to great numbers of its spores which may be found anywhere 
in the air. Many other species of the Mucors, belonging to various genera, 
may produce decays of plant tissues under suitable environmental condi- 
tions. But they can never attain the same importance as the common 
‘‘bread mold,’’ as their spores are rarely present when such conditions 
occur in nature. 

Storage rots have been attributed to a number of species of the genus 
Mucor. Harter in 1918 found that Mucor racemosus was the cause of a 
slow decay of sweet potatoes during storage at low temperature. Choa- 
nephora cucurbitarum is the causal organism of a soft rot of young squashes 
on the vines as well as of the mature fruit during storage. At the New 
York Markets Laboratory of the U. S. Department of Agriculture, isola- 
tions were made from the deeayed fruits or vegetables which were found 
at the New York markets. Although inoculation experiments were not car- 
ried out in every ease to prove the relation between the organism isolated 
and the rots, these isolations would indicate that a number of species should 
be considered as facultative parasites. At least six different species of 
Rhizopus were found causing decay. Four species of Mucor were obtained 
many times. Choanephora cucurbitarum was often isolated from squashes. 
And Syncephalastrum racemosum was twice isolated from decayed oranges. 


1The work discussed in this paper was done in 1919 as a cooperative enterprise 
between the Office of Cotton, Truck, and Forage Crop Disease Investigations and the 
Bureau of Markets, United States Department of Agriculture, through the courtesy of 
the Director, Dr. G. S. Gager, in the laboratories of the Brooklyn Botanic Garden, 
Brooklyn, N. Y. 
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This paper deals with a new species of this group of fungi. It is closely 
related to Choanephora cucurbitarum. Although it may never become of 
serious importance on account of its limited distribution, it is of interest as 
another species of the Mucors which may develop as a facultative parasite 
and also because of its position in the systematie arrangement of these fungi, 

The organism was isolated from decaying peaches found on the New 
York market by Dr. Mix during the summer of 1918. Pure cultures from 
a single spore were obtained and kept growing until the fall of 1919 before 
inoculations were made to determine whether it was the casual organism of 
this decay. Although this form has not been previously described, it is 
very similar or perhaps identical with a form isolated by Blakeslee and 
referred to by Thaxter® in his discussion of the various species of Choane- 
phora. 

The fungus grows well on various artificial media. A very slight white 
mycelial growth is noticeable covering the surface of the medium only dur- 
ing the first day or so of growth before the mycelium becomes black due to 
the formation of many small sporangia. The fertile hyphae arise directly 
from the surface of the substratum, without branching in any way, to pro- 
duce a single spherical, black sporangium at the apex (Fig. 1C). This 
mode of growth largely determines its appearance in culture. On potato 
or malt-agar the growth is black and rarely more than 14 inch high. It 
develops more. luxuriantly on bread, reaching a height of from 14 to 14 
inch. The fungus has been eultivated for eighteen months and still fruits 
just as abundantly in culture as it did when first isolated. It does not 
appear to lose its power of spore production when grown on artificial media 
as is the case with the other species of Choanephora that have been de- 
scribed. Chlamydospores of the fungus are illustrated in figure 1B. 

The mycelium from these pure cultures was used for inoculating 
peaches to determine whether this species would produce a soft rot similar 
to that from which it was first isolated. The surfaces of seven healthy 
peaches were sterilized by dipping each fruit in aleohol to remove any air 
and then letting them stand for about five minutes in mercuric chloride 
solution (1:-1000). After this treatment they were rinsed thoroughly in 
sterilized water. Incisions through the skin were made with a flamed 
scalpel and bits of mycelium were inserted in each incision on five of the 
fruits. The two other peaches were not inoculated and served as controls. 
All the specimens were then placed in sterilized glass jars and kept at room 
temperature. 

The five inoculated peaches were entirely decayed at the end of seven 
days and the fungus was fruiting abundantly over the surface, while the 


2 Thaxter, R., New or peculiar Zygomycetes, 3: Blakeslea, Dissophora, and Haplo- 


sporangium, nova genera. Bot. Gaz. 58: 353-366. 1914. 
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two control specimens had remained in perfect condition. The rot first 
appeared on the second day as a small discolored and softened area on the 
surface immediately surrounding the point of infection. A soft brown 
decay spread rapidly, involving the entire fruit in from four to six days 
after its first appearance. The sporangia developed on the surface forming 
a low black felt about an eighth of an inch thick. There was no white 
mycelial growth, ‘‘whiskers,’’ over the surface as is commonly the ease 
with Rhizopus nigricans or R. reflerus when growing under moist condi- 
tions. Although softened, the tissues remain fairly firm and do not collapse 
and ‘‘leak,’’ as when decayed by species of Rhizopus. 
\ 


\ 


Fic. 1. Choanephora persicaria. A, Four spores, magnified 870 diameters; B, Chlamydo- 


spores, magnified 385 diameters; C, Four fertile hyphae showing sporangia and 
columellae of Choanephora persicaria, magnified about 49 diameters. 


Choanephora persicaria was thus shown to be a facultative parasite, 
capable of producing a soft rot of peaches under experimental conditions. 
Infection may occur through a bruise or cut when the environmental con- 
ditions are such that the injured surface remains moist and penetrable long 
enough for the spores to germinate and the hyphae to enter the tissues. 
Experiments were not tried to determine whether this fungus might pene- 
trate an uninjured surface. The results would probably be negative as 
with the other forms of the Mucorales which act as facultative parasites. 
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Choanephora persicaria n. sp. 


Myeelial growth low, black, 2.5-12 mm. high. Fertile hyphae rising 
directly from the mycelium, erect, unbranched, 0.5-2 mm. high, terminated 
by a single sporangium, outer surface conspicuously roughened in upper 
half of its length and distinctly swollen. Sporangia spherical, erect, nod- 
ding or circinate, variable, 64-128 u in diameter, average 100". Sporangial 
membrane covered with fine crystals, dehiscent and not quickly diffluent, 
having a narrow collar at the base of the columella. Columella elong- 
ated, constricted at the base, pyriform to globose, hyaline, 76—121.5 » long 
x 49-83.6 » broad, very variable in shape and size. Spores oval or elliptical, 
elongated, often irregular in shape, indistinetly longitudinally striated, 
hyaline or very slightly darkened, 19-22 x 11-15, bearing a few exceed- 
ingly fine, radiating appendages in groups at either pole. Length of ap- 
pendages equal to that of the spores or greater. ‘*Conidia’’ or sporangiola 
not observed. Chlamydospores cylindrical, hyaline, 15—26.6 x 11-16 », very 
variable in shape and size, and not numerous. 

Isolated from decayed peaches found on the New York market. 

The affinities of Choanephora persicaria are certainly with the species 
of Choanephora that have so far been described and with Blakeslea trispora 
Thaxter. The spores of both of these genera show the fine appendages 
which radiate from either pole and also the strictions on the surface (Fig. 
1A). The spores of the other species are colored, purple or reddish-brown. 
The circinate normal sporangia, which are produced in great numbers in 
this form, very closely resemble the normal sporangia produced oceasion- 
ally by the other species. But in this species only one type of sporangia 
has been found, while the ‘‘conidia,’’ the stage usually developed in other 
species of Choanephora, or the sporagiola as found in Blakeslea, have not 
appeared. 

Thaxter refers to a strain showing this same characteristic and writes: 
‘*At least one species of Choanephora is known to the writer which was 
isolated by Blakeslee during his investigations on the Mucorales, and has 
never been seen to produce anything but normal sporangia with the typical 
appendiculate spores of this genus, although it was kept in cultivation for 
a period of years.’”’ 

A number of attempts were made to induce the development of another 
spore-form, ‘‘conidia’’ or sporangiola, by growing the organism in open 
dishes in order to lessen the degree of humidity, as in related forms the 
‘‘eonidial’’ stage develops best, or only under dry conditions or in a free 
circulation of air. None but ‘‘normal sporangia’’ have been found in any 
cultures. The apparent absence of any ‘‘conidial’’ stage in this species is 
not sufficient basis for a separation from the species which it so closely 
resembles in all other characteristics. 

The writer wishes to acknowledge his indebtedness to Dr. Mix, who 
isolated this fungus, and to Dr. Roland Thaxter for valuable suggestions. 
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PRELIMINARY STUDIES ON THE CONTROL OF CEREAL 
RUSTS BY DUSTING 


V. KIGHTLINGER 


During the season of 1924 the writer undertook some experimental work 
on the use of fungicidal dusts in the control of cereal rusts. The results of 
these preliminary studies are so striking and promising that it seems desir- 
able to present a brief summary for the benefit of other workers interested 
in the problem of cereal rust control. 

While in its broader aspects the problem might well have involved con- 
trol by the application of fungicidal protectants in any form, spraying was 
excluded because of its evident impracticability. The use of a fungicidal 
dust seemed most likely to yield results of practical value. 

Knowing that sulfur had proved effective as a protectant against rust 
infection in two well established cases (the rusts of asparagus and of snap- 
dragons), it was believed that most probably sulfur would prove effective 
as a protectant against rust in the ease of cereals. After numerous labora- 
tory tests on the inhibitory effects of several sulfur dusts on the germina- 
tion of uredospores of Puccinia coronata it was decided to use dusting 
sulfur. The dust used was 90-10 sulfur lead arsenate dust, because it was 
the only kind on hand in quantity when dust was needed. However, it is 
not assumed that the lead arsenate contained in the dust had any marked 
fungicidal value. 

The aim of the work was to determine whether or not sulfur would pre- 
vent rust infection of cereals. This part of the work fell naturally into 
three phases: (1) laboratory studies on spore germination in relation to the 
fungicidal efficiency of sulfur dusts, (2) dusting tests in the greenhouse on 
growing plants, (3) tests of the efficiency of dusts on plants under field 
conditions. The results obtained from the laboratory tests on germination 
of uredospores in drop cultures on dusted and undusted slides afforded data 
for the study of the comparative values of the several dusts with respeet to 
their inhibitory effects. It also provided a criterion for the elimination of 
the less desirable forms in future work. An average of 72.9 per cent ger- 
mination of uredospores of P. coronata was obtained in checks as against 
18.8 per cent on the slides dusted with the 90-10 mixture. However, these 
results were not held to be absolutely the same as those which might be ob- 
tained in the field, although past experience with this method, originally 
developed by Wallace and Reddick, has shown it to be very reliable in this 
respect. 

Among other things of interest observed in the germination tests was 
the fact that the germ-tubes produced on slides dusted with sulfur were 
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shorter than those in the checks. Those on slides dusted with 90-10 dust. 
averaged 35 in length and those with precipitated sulfurs 58.123 u, while 
in the case of the check the average length was 116.54. It was further 
noted that the germ-tubes produced on dusted slides were very much dis. 
torted and vacuolate, and very unevenly granular, indicating, it seemed. 
that the fungicide while not entirely preventing germination was decidedly 
injurious to those germ-tubes which did form. It appeared probable that 
such germ-tubes could never produce infection. This was later confirmed 
by the greenhouse and field tests. Spores nearest the edge of the drops 
where they came in closest contact with the sulfur particles seldom, if ever, 
germinated. 

In the greenhouse work 90-10 dust only was used. The larger part of 
the work in the greenhouse was conducted with P. coronata on oats though 
tests with P. graminis avenae gave equally good results. The oats for these 
tests were grown in pots. They were dusted with the same duster with 
which the slides in the laboratory had been dusted so that the applications 
on slides and leaves were approximately equal as to amounts per unit area, 
After the plants had been dusted, the spore suspension was applied with an 
atomizer, following which the plants were placed in a moist chamber for as 
long a time as appeared necessary, depending upon the conditions obtaining 
at the time of the treatment. 

With these pot cultures striking results were obtained. Out of a total 
of 2,071 inoculated plants 1,057 were dusted, and 1,014 not dusted. The 
1,057 dusted plants showed but two lesions or sori, while the 1,014 non- 
dusted ones showed 4,517 sori. 

The results obtained from these greenhouse tests were extremely sug- 
gestive and stimulating. In order to determine whether the results ob- 
tained in the greenhouse could be duplicated or approximated under field 
conditions, experiments were made during the spring and summer (1924) 
in field plots. These tests were necessarily confined to oats. Thirteen plots 
slightly larger than one square rod each were planted, arranged alternately 
in checker-board fashion with respect to checks and treated plots. There 
were six treated plots and seven not treated. All six of the treated plots 
received the first four applications of 90-10 dust, one plot received one 
additional dusting, and two received two additional applications. No at- 
tempt was made to apply any definite amount of dust per application, as 
the object was to determine only the effectiveness of sulfur in preventing 
rust infection. The applications were made just before rains as far as 
possible, 


Artificial inoculation was made first by applying spore suspensions to 
the plants of all the plots by atomizer, and later by interplanting infected 


15 


dust, 
while 
rther 
1 dis. 
med, 
ledly 

that 
rmed 
lrops 
ever, 


rt of 
ough 
these 
with 
tions 
area, 
h an 
as 
ning 


total 
The 


non- 


sug- 

ob- 
field 
)24 | 
lots 
tely 
rere 
lots 
one 

at- 
, as 
ing 


; to 
ted 


1925 | KIGHTLINGER: DUSTING FOR CEREAL Rusts 613 


oats alike in two checks and in two treated plots. Heavy and general infee- 
tion followed in the undusted plots. 

A count of infected plants versus non-infected plants in plot 3 (check) 
and plot 4 (dusted) revealed phenomenal control. All plants in each plot 
were counted. In the dusted plot there was .03 per cent infected plants 
while in the checks (untreated) there was 74.35 per cent infected plants. 
An idea of the degree of control secured in all the plots ean best be obtained 
by consulting the following table, for which counts of all the plants in five 
central rows of each plot are given. 


Plot No. of applications Per cent of infected leaves 
la 0 93.35 
] 7 0.08 
2 0 42.50 
3 0 99.14 
4 7 0.00 
5 5 0.26 
6 0 73.02 
7 0 98.40 
8 + 21.23 
9 14.60 
10 0 90.30 
11 0 90.00 
12 + 12.60 


In conclusion, the writer would point out that the results given are 
purely of preliminary value and not to be used as the basis for recom- 
mendations for the practical control of cereal rusts. More extensive field 
tests, not only on oats but also on wheat and rye, are under way this season. 

CorRNELL UNIVERSITY, 

Irnaca, N. Y. 
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MISTLETOE IN THE LOWER BOLE OF INCENSE CEDAR 


WILLIS W. WAGENER 


Irregular fusiform or barrel-shaped swellings are frequently found on 
the upper parts of the bole of Incense cedar, one of the important forest 
constituents of the California pine region. These swellings were first inves. 
tigated by Meinecke' who found them to be caused by old established 
growths of the Incense cedar mistletoe, Phoradendron libocedri Howell, 
He pointed out that the development of the swellings was accompanied by 
a very remarkable change in the habit of the mistletoe. As the bark of the 
Incense cedar thickens, the green shoots of the mistletoe are pushed out 
with increasing difficulty until finally they become completely smothered 
and the mistletoe plant adapts itself to life as a true parasite in the tissues 
of the host tree. In this form the mistletoe attains ages much greater than 
known for other members of the genus or its Old World relative, Viscum. 
The resulting swellings develop to large size. Meinecke found one swelling 
in which the parasite had been present for 219 years. In point of size the 
largest measured by him was a barrel-shaped swelling 5 feet 8 inches in 
length. 

Mistletoe is not the only cause of swellings on Incense cedar. As shown 
by Boyee,? enlargements of the trunk and branches may be due to the 
presence of the perennial mycelium of a rust, Gymnosporangium blasda- 
leanum (D. & H.) Kern. Due to their somewhat similar apparance, these 
may be confused with Phoradendron swellings from which green shoots 
are no longer produced, but the two can ordinarily be distinguished by 
their comparative size and shape. 

The Phoradendron swellings are usually rather large and thick, while 
the swellings caused by the rust are smaller and very much narrower in 
outline. Typically, the latter are of a narrow spindle shape or, as described 
by Boyee, they resemble ‘‘the muscles of the upper arm when partially 
contracted.’ 

Swellings from both causes occupy about the same range of position in 
the tree. The berries of the mistletoe are chiefly disseminated by birds 
which do not appear to frequent small Incense cedars. Should a berry by 
chance become lodged in a small tree, or in the shaded lower crown of a 
larger one, it evidently does not find conditions favorable for its establish- 


1Meinecke, E. P. Parasitism of Phoradendron juniperinum libocedri Engelm. 
Proe. Soe. Am. For. 7: 35-41. 1912. 

2 Boyce, JS. Perennial mycelium of Gymnosporangium blasdaleanum. Phytopath. 
8: 161-162. 1918. 
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ment. Asa rule, therefore, the Incense cedar mistletoe is found well up in 
older trees. Gymnosporangium blasdaleanum on the other hand very com- 
monly occurs on small young trees but seems to die out as the trees grow 
older, as Gymnosporangium swellings are rare for the first log length on 
the boles of larger Incense cedars. 

A swelling which varied markedly from the usual position for either 
Phoradendron or Gymnosporangium was found recently near Cow Creek 
on the Stanislaus National Forest, California, the same general locality 
from which Meinecke reported the Phoradendron swellings described by 
him. It occurred on an old Incense cedar, 50 inches in diameter inside 
bark at stump height, growing in a mixed coniferous stand at about 5,000 
feet elevation. From a point 2 feet above ground up to 10.5 feet, one side 
of the trunk of this tree was swollen in an irregular spindle shape, with the 
region of greatest swelling at 5.3 feet from the ground. Here the swollen 
part measured 4.4 feet over the outside and occupied about 130° of the 
circumference of the tree. In the process of enlargement, the basal fluting, 
characteristic for the trunks of old Incense cedars, had been strongly accen- 
tuated, resulting in a division of the swelling by deep, longitudinal furrows 
into several ridges, widely expanded toward the outside over a rather nar- 
row base. The location of the swelling suggested Gymnosporangium blas- 
daleanum as the casual organism, though it was considerably larger than 
any previously reported even for Phoradendron libocedri swellings. There 
were no surface indications to aid in a positive determination, but, upon 
the removal of a portion of bark from one of the ridges, rows of depressions 
in the wood were uncovered, from which projected the yellowish outer ends 
of living mistletoe sinkers, proving that the enlargement was not in fact due 
to Gymnosporangium but to the Incense cedar mistletoe. As far as is 
known this is the first reported case of the occurrence of Phoradendron 
libocedri so near the ground. 

The mistletoe must have gained entrance while the host tree was still 
quite young. Under the assumption that the height at which entrance 
took place would be indicated approximately by the greatest degree of 
enlargement, a cross section cut was sawed through the thickest part of 
the swelling at 5.3 feet from the ground. The innermost sinker was found 
in the heartwood at about 7 inches from the center of the tree. The diame- 
ter of the tree at this point was thus 14 inches inside bark at the time the 
mistletoe appeared there. It would be impossible for a mistletoe seedling 
to penetrate the thick bark on so large a trunk. Both this faet and the 
absence of any signs of the bases of former mistletoe shoots in the wood at 
the cross section indicated that the cut had not passed through the point 
of initial entrance of the mistletoe. It is not unlikely that entrance was 
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effected through the base of a nearby branch and that later the parasite 
gradually spread into the main trunk. 

Allowing for several rings which could not be counted on account of 
rot in the center heartwood, the age of the tree at the cross section was 
about 448 years. Ring counts established the age of the mistletoe plant at 
this point at 409 years. Actually it must have been present for a number 
of years longer. Even.409 years is 200 years in excess of the greatest age 
recorded by Meinecke for the eases examined by him. 

Phoradondrons, when young and vigorous, are known to have severely 
deieterious effects on their hosts, as is well illustrated in our Sierra forests 
by the spiked and broken tops found in White fir as the result of the 
presence of Phoradendron pauciflorum. Young plants of Phoradendron 
libocedri are not unlike other Phoradendrons in this respect, though their 
effect does not appear to be quite so severe as for some of the other species, 
As they grow older and gradually assume a truly parasitic character, the 
change appears to be accompanied by a general lowering of physiological 
requirements which results in little harm to the host. The merchantability 
ot affected trees, however, is often seriously reduced. 

In the parasitie form the mistletoe is apparently able to live on indefi- 
nitely, and there is no evidence that the natural life of the host is shortened 
by its presence. Incense cedar being a long-lived tree, Phoradendron 
libocedri is able to attain remarkably high ages. It would not be surpris- 
ing if living specimens even older than the one described here were found. 


OFFICE OF INVESTIGATIONS IN Forest PATHOLOGY, 
BurREAU OF PLANT INDUSTRY, 
San FRANCISCO, CALIF. 
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PHYTOPATHOLOGICAL NOTES 


Peridermium Harknessi Moore in Western Yellow Pine Tops.—Perider- 
mium harknessi generally attacks seedlings and saplings most heavily, and 
seldom reaches above the lower branches of larger trees. An unusual case 
was found in 1924 on the Stanislaus National Forest, California, at an ele- 
vation of 5,000 feet, in which several good-sized Western Yellow pines were 
carrying the fungus in their tops. A group of four or five vigorously 
vrowing standards about 100 feet tall bore a number of galls in their 
crowns, above a height of 75 feet. The swellings ranged from 3 to 7 centi- 
meters in diameter, and though most of them were dead, a few were still 
sporulating at the time of the observation early in October. At distances 
of 50 and 125 yards respectively from this group, stood two more infected 
trees, both about 150 feet tall. Each had a single sporulating gall on the 
leader within 3 feet of the tip. All of these pines were more or less aligned 
in the direction of the locally prevailing summer winds. About 200 yards 
away, though not strictly in line with the above, one other dead gall had 
been found earlier in the season. It was on a branch among the top litter 
of several felled trees which had formed part of a clump of suppressed 
individuals from 60 to 80 feet tall. The original height of the swelling 
could not be determined accurately, but it must have been supported at 
least 50 feet above ground. 

The infected trees were located on a timber sale in a mature Sugar pine- 
Yellow pine stand, with a fairly rich understory of various-aged Yellow pine 
reproduction. The field work incidental to their discovery lasted for three 
and a half months from July to October, 1924. During this time every 
ielled pine on a hundred acres of the logging operation was carefully exam- 
ined. Constant attention also was given to the pathology of the young 
growth in the region. No more galls were observed and even Castilleia and 
Pedicularis, which were occasionally present, failed, after frequent examina- 
tions throughout the season, to reveal any signs of a Cronartium. 

There is a bare possibility that the absence of uredinia and telia was due 
to the excessive drought of 1924, which may have hastened the fruiting 
period or inhibited it altogether. The apparent freedom of young Yellow 
pine from the disease rather seems to speak against the existence of an 
endemie condition of long standing based on local inter-relations between 
Scrophulariaceous hosts and pines. It seems far more probable that the 
infection, isolated within a large area and running in a well defined streak 
high above ground, had originated in the stand from chance sporidia or 
aeciospores carried in from the outside. Once established, the rust spread 
irom pine to pine by direct aecial infection.—L. S. Guu1. 

OFFICE OF INVESTIGATIONS IN Forest PATHOLOGY, 

Bureav or PLant INpustry, U. S. Dept. or AGr., 
San Francisco, 
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AMERICAN PHYTOPATHOLOGICAL SOCIETY 
CONSTITUTION 


ARTICLE I 


This Society shall be known as The American Phytopathological Society, 


ARTICLE II 
MEMBERSHIP 
Sec. 1. The Society shall consist of members, and may include sustain. 
ing life members and patrons. 
Sec. 2. The charter membership of this Society shall consist of the one 
hundred and thirty persons who accepted the invitation of the Organization 
Committee of October 25, 1909, to form the Society. 


ARTICLE III 
QUALIFICATIONS FOR MEMBERSHIP AND .DUES 

Sec. 1. All persons interested in the study of phytopathology, including 
the practical control of plant diseases, shall be eligible to membership. 

Sec. 2. Each member shall pay annually such dues as the Society shall 
determine. 

Sec. 3. Any member may become a sustaining life member by paying 
one hundred dollars in ten consecutive annual payments, and any person 
may become a patron upon the payment of one hundred dollars, and upon 
election shall have all the privileges of membership. 


ARTICLE IV 
ELECTION OF MEMBERS 


Members may be elected at any regular meeting of the Society or by the 
Council during the interim. Applications for membership must be en- 
dorsed by at least one member of the Society. 


ARTICLE V 


OFFICERS 


The officers of the Society shall consist of a President, Vice President, 
and Secretary-Treasurer. Their duties shall be those usually performed 
by such officers. The President and Vice President shall serve for one year 
and the Seeretary-Treasurer for three years, or until their successors are 
elected, and the Council shall fill any vacancies occurring in the interim 
between elections. 
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The Council shall consist of the President, Vice President, Secretary- 
Treasurer, the retiring President, and the Chairman of the Board of Editors 
of the Journal of the Society, with two members elected, one each year, who 
shall serve for a term of two years, and one member elected annually by 
each Division. All action of the Council or officers must be authorized or 
approved by the Society. 

ARTICLE VI 
ELECTION OF OFFICERS 

Officers shall be elected by a majority vote of the members present at the 
regular annual meeting. 

ARTICLE VII 
EDITORS AND COMMITTEES 

The Editors of the official organ of the Society shall be selected by the 
Council subject to the approval of the Society. Temporary or standing 
committees may be appointed at the discretion of the Society. 


ARTICLE VIII 
MEFTING 
An annual meeting shall be held at such a time and place each year as 
the Council may select, and additional meetings, including special or local 
meetings, for the presentation of papers, may be arranged by the Council 
at its discretion. 
ARTICLE IX 
AMENDMENTS 


This Constitution may be amended at any annual meeting by a three- 
fourths majority of all the members voting, notice of the proposed amend- 
ment having been sent to all the members at least one month previous to 
the meeting. 


PROPOSED AMENDMENTS TO CONSTITUTION 


The following amendments to the Constitution were submitted at the 
Washington Meeting and will be voted on at the Kansas City Meeting De- 
cember 29, 1925, to January 1, 1926. 


A. Change Article VI to read as follows: 
ARTICLE VI 


ELECTION OF OFFICERS 


The Secretary-Treasurer shall send nomination ballots for offices to 
each member of the Society in time to allow all nominations to be returned 
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not less than two months before the date of the annual meeting. The 
Council shall make nominations for any office when such nominations are 
wanting. The three candidates for each office receiving the highest num. 
ber of nominating votes shall be placed upon a final ballot, which shall be 
sent to each member one month before the annual meeting. Votes shal] 
be mailed to the Seeretary-Treasurer and canvassed by the Couneil. A 
plurality vote shall elect. 


B. Add the following article: 


ARTICLE IX 
DIVISIONS 

Branch organizations or units within the Society known as Divisions 
may be established on a geographical basis, provided formal application 
setting forth the reasons for the establishment of the Division is made 
to, and approved by, the parent Society. 

C. Amend Article V by inserting the following immediately before the last 
sentence of the Article: 

The term of service of a council member from a Division shall com- 
mence at the beginning of the annual meeting of the Society next follow- 
ing his election by the Division.! 

D. Change the number of the present Article IX (Amendments) to Article 
STANDING RULES? 


The rules under which the American Phytopathological Society operates 
are as follows: 


PHY TOPATHOLOGY 1. The official publication of the Society shall be 
Phytopathology. 
Officers a. The officers of Phytopathology shall be an 


editor-in-chief, term three years ; two editors, 
terms three years; twelve associate editors, 
terms three years, four selected each year; 
business manager, term one year; and ad- 
vertising manager, term one year. 
Selection of b. The editor-in-chief and the business manager 
Officers shall be selected by the Council and ap- 
1 Note that Article V, paragraph 2, was amended at the Baltimore Meeting by add- 
ing at the end of the first sentence the words ‘‘for a term of two years and one member 
elected annually by each Division.’’ (Phytopath. 9: 1-86. 1919.) 
2 Submitted by Committee on Codification of Rules and adopted by the Society at 


the Washington meeting, January 1, 1925. 
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proved by the Society. The editors and the 
twelve associate editors shall be selected by 
the Council in consultation with the editor- 
in-chief and approved by the Society. The 
advertising manager shall be selected by the 
Council in consultation with the business 
manager and approved by the Society. . 

ce. Subscriptions to Phytopathology for institu- 
tions and non-members shall be $5 per year 
in the United States and dependencies, Mex- 
co, and Cuba; Canada $5.25; other countries 
$5.50. The price of current single numbers 
shall be 50 cents. Back volumes with the 
exception of volumes 4, 5, and 6 may be ob- 
tained unbound at $6 per volume, postage 
paid. Separate copies will not be sold ex- 
cept in cases where the volumes are already 
broken, the price of such copies shall be $1 
for each number in volumes one to seven 
inclusive, and 50 cents each for subsequent 
years. Requests to supply lost copies of the 
journal without charge must be made within 
sixty days from date of issue. 

The annual dues for each regular member includ- 
ing subseription to Phytopathology shall be 
$4 per year, payable on December 20. The 
business manager of Phytopathology shall 
discontinue sending the journal to any 
members whose dues have not been received 
by December 20. 

Members desiring to present papers at the annual 
meeting must furnish to the seeretary care- 
fully prepared abstracts presenting as 
clearly and concisely as possible the sub- 
stance and conclusions of the papers, these 
abstracts to embody definite results and not 
to exceed two hundred words in length. 

a. The secretary is authorized to refuse abstracts 
received by him after the date on which 
they are due (Nov. 15). Members are re- 
quested not to submit titles or abstracts un- 
less they intend to be present at the meetings. 
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b. No member shall be permitted to present more 

than two papers at any one meeting except 

by invitation, and in ease of joint authorship 

the paper shall be charged to the author 
presenting it. 

¢. All abstracts shall be submitted to an editorial 
committee of at least three selected by the 
editor-in-chief of Phytopathology and this 
committee will edit the abstracts in the same 
manner as original articles published in 
Phytopathology. 

4. The program for the annual meeting shall be in 
charge of a program committee consisting of 
the president, secretary, and chairman of 
the Advisory Board. To relieve congestion 
the program committtee is authorized to 
schedule simultaneous sessions when neces- 
sary. 

5. The following provisions shall govern the organi- 
zation and regulation of Divisions of the 
Society. 

a. Divisions shall use the name of the parent 
society with the appropriate geographical 
term, for example, American Phytopatho- 
logical Society, Pacifie Division. 

b. Divisions shall elect to full membership only 
members of the American Phytopathologiecal 
Society, but each Division may elect associate 
members under such rules as it may adopt. 

¢. The proceedings of Divisions shall be printed 
in Phytopathology. The preliminary ab- 
stracts of the Division meetings may, at the 
diseretion of these Divisions, be printed in 
Phytopathology under the same rules that 
govern publication of abstracts of the gen- 
eral society. This rule, however, shall not 
be interpreted as limiting the present right 
of the Editorial Board of Phytopathology 
to define the character and amount of any 
manuseript for publication. 

d. Whenever the American Phytopathological 
Society meets within the territory of a Divi- 
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sion, the Division shall merge its program 
with that of the parent Society. The sci- 
entific sessions of such a meeting shall be 
presided over alternately by the president 
of the American Phytopathological Society 
and the president of the Division. Business 
sessions may be independent. 

e. The constitution or articles of organization of 
all Divisions shall contain a provision or pro- 
visions ratifying the above rules. The con- 
stitution of all Divisions shall contain noth- 
ing in conflict with the constitution of the 
American Phytopathological Society. With 
the exceptions defined by the above rules 
the Divisions shall enjoy complete autonomy. 

Unless otherwise ordered the secretary is author- 
ized to attend the annual meetings of the 
Society at the Society’s expense. 

At each annual meeting the president shall ap- 
point an auditing committee to audit the 
accounts of the seeretary-treasurer and the 
business manager of Phytopathology. 

There shall be a permanent committee of the 
Society called the Advisory Board working 
under the direction of and reporting to the 
Council. The personnel of this board shall 
be eight members appointed by the Council, 
two each for periods of one, two, and three 
years, and thereafter two each year for a 
three-year term, these members to represent 
the United States Department of Agricul- 
ture and the following regions—Northeast, 
South, Middle West, Pacifie Coast, and Can- 
ada; and two members at large for terms of 
three years. The chairman of the Board 
shall be elected annually by the Board. 

The duties of the Board shall be : 

a. To represent the American Phytopathological 
Society before the National Research Coun- 
cil. The chairman of the Board shall be the 
Society’s representative on the Division of 
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Biology and Agriculture of the National 
Research Council. 

To function as the committee on cooperation 
with the Crop Protection Institute and the 
Tropical Research Foundation. 

e. To arrange for conferences of groups of 
workers on related subjects at the annual 
meetings or elsewhere. 

1. To confer with workers in related fields, i e, 
entomology, genetics, horticulture, and 
agronomy, to promote joint efforts on our 
common problems. 

e. To promote international relations in phyto- 
pathology. 

f. To take up such other problems as the Board 
may find desirable, subject to the approval 
of the Council. 

The society shall participate in the work of the 
Union of American Biological Societies and 
designates its secretary and editor-in-chief 
of Phytopathology as its representatives un- 
less otherwise voted. 

The Society shall elect two representatives on the 
Board of Control of Botanical Abstracts for 
terms of four years each, one being chosen 
every other year. 

Representation on the Board of Governors of the 
Crop Protection Institute shall be provided 
for by three trustees, with three year terms, 
one selected each year, these trustees to be 
chosen by the Council, with the proviso that 
one of them shall also be a member of the 
Advisory Board of the Society. 

The following shall be seleeted by the Couneil and 
approved by the Society : two representatives 
on the Council of American Association for 
the Advancement of Science for one year 
terms; one trustee on the Tropical Researeh 
Foundation for a five year term, and one 
member of the Editorial Board of the Ameri- 
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AMENDMENTS 13. These rules may be amended by a majority vote 
of the members voting at any regular meet- 
ing of the Society. 
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Department of Agriculture, Fruit Disease Laboratory, Orlando, Fla, 

Woop, Jesste L., Junior Pathologist, Bureau of Plant Industry, U. S. Department of 
Agriculture, Washington, D. C. 

tWoops, ALBERT FRED, President, University of Maryland, College Park, Md. 

WooLMAN, Horace M., Newman, Calif., (Star Route). 


York, H. H., Forest Pathologist for the State of New York, New York Conservation 
Commission, Albany, N. Y. 
Youna, Harry Curtis, Chief, Department of Botany and Plant Pathology, Ohio Agri- 


cultural Experiment Station, Wooster, Ohio. 
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De- *Youne, PauL ALLEN, Department of Botany and Bacteriology, Agricultural Experi- 
ment Station, Bozeman, Mont. 

YounG, Vive HALL, Professor of Plant Pathology, University of Arkansas, and Plant 

nent Pathologist, Arkansas Experiment Station, Fayetteville, Ark. 


nent ZELLER, SANFORD M., Plant Pathologist, Oregon Experiment Station, Corvallis, Oregon. 
ZUNDEL, GEORGE LORENZO, Extension Plant Pathologist, State College of Washington 
aca, Pullman, Wash. 
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